Abstract. There are several techniques to deposit the metal oxide thin film such as electron beam evaporator, pulse laser deposition and reactive magnetron sputtering deposition. In this experiment, magnetron sputtering deposition techniques will be used to produce a copper oxide thin film due to its simplicity and repeatability performance. Recently, copper oxide thin film has been studied because of its low cost material, sensitivity to ambient condition and easiness to produce oxide thin film. It is one of the p-type semiconductor oxides materials that are suitable to be used as a gas sensing material. In order to increase the sensitivity and to optimize the properties of copper oxide thin film, it is essential to study on the plasma properties during the deposition of copper oxide. In current studies, Langmuir probe was used to investigate the effect of substrate bias towards the fabrication of copper oxide thin film at rf dissipation power of 400 W. The oxygen flow rate was fixed at 8sccm. The Langmuir probe tip was focus at roughly 2 cm above the substrate holder. The ion and electron current were collected from the plasma environment. Then the electron temperature, electron density, ion density, ion flux, Debye length and plasma potential at various substrate biases were evaluated from the current-voltage curve. The electron temperature at various oxygen flow rates was almost unchanged. The effect of substrate bias toward the electron temperature was also almost unseen, except that the electron temperature at -40 V bias voltage was slightly lower than others. In addition, the ion flux at the same plasma condition shows that the ion flux was higher at -40 V substrate bias voltage. The results suggest that the ion bombardment effect toward the deposited copper oxide thin film would be higher at low oxygen flow rate. Thus it will create a rough surface morphology or nanostructured copper oxide thin film. This is a potential ways to improve the sensitivity of copper oxide gas sensor.
Introduction
Copper is one of the materials that have being explored for various applications. One of the applications that are being studied is the gas sensing characteristic of copper oxide. This is because copper is a low cost material, sensitivity to ambient condition and easiness to produce oxide thin film [1, 2, 3] . There are several techniques that are suitable to deposit the metal oxide thin film such as electron beam evaporator, pulse laser deposition and reactive magnetron sputtering deposition. In this experiment, reactive magnetron sputtering deposition will be used to produce copper oxide thin film due to its simplicity and repeatability performance.
Copper is well known to form two type of metal oxides which is cuprous oxide (Cu 2 O) and cupric oxide (CuO) [4, 5] . Cupric oxide is a p-type semiconductor that has a narrow band-gap of 1.2eV and low resistance value [6] . Some of the gases that have being reported able to be sensed by CuO are NO 2 , CO, CO 2 , H 2 S, ethanol and methanol [7, 8, 9] . Since CuO is a p-type semiconductor gas sensor it will increase its resistivity and decreased in conductivity when it is exposed to reducing gaseous species [9] .
Substrate bias voltage is a technique that is used to control the deposition rate, structural, electrical and optical properties of the films. Since that substrate bias voltage is similar to heating the substrate, the grain size will be different depending on the substrate bias voltage. Other than that, the electrical resistivity will improve due to the enhancement of the crystallity of the thin films and the increase of optical band gap [10] . Then, in this experiment the effect of substrate bias voltage towards the copper sputtering plasma using langmuir probe will be investigate.
In order to produce a high sensitivity copper oxide thin film, a detailed investigation on the reactive sputtering plasma during the deposition is necessary. The present studies will be focusing on the investigation of the reactive magnetron sputtering plasma using langmuir probe technique. The electron temperature, electron density, ion density, ion flux, Debye length and plasma potential in the reactive magnetron sputtering will be examine at various substrate bias.
Experimental Setup
In this work, reactive magnetron sputtering machine was used for the CuO thin film deposition. The sputtering target was a 3" diameter solid copper target (99.99% purity) and gases that will be used are high purity argon as the sputtering gases and oxygen as the reactive gases.
The total working pressure was fixed at 22.5 mTorr, argon flow rate of 50 sccm and the rf dissipation power is fixed at 400W. The substrate bias voltage was varied in order to obtain several conditions to be analyzed. The parameter used for this work is summarized into Table 1 . The experimental setup for langmuir probe measurements is shown in Fig. 1 . The measurement point of the plasma was focused at approximately 2 cm above the substrate holder. The tip of the langmuir probe will be used to collect the ion and electron current of the plasma at various condition. 
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Results and Discussion
The plasma potential (Vp), electron temperature (Te), debye length (Db), ion density (Ni), electron density (Ne) and ion flux were determined from the I-V curve characteristic that is obtained using langmuir probe. The I-V curve from the langmuir probe is showed in Fig. 2 .
When a negative bias voltage is applied to the substrate holder, the plasma potential and electron temperature does not show any drastic changes. This can be notice at Fig. 3 and Fig. 4 for plasma potential and electron temperature respectively. The plasma potential for the 0 V substrate bias voltages is used as the original result and when the substrate bias voltage is adjusts to -40 V the plasma potential dropped to 33.32 V from 33.40 V. Later on when the substrate bias voltage is adjust to -60 V and -100 V the plasma potential increase further on to 33.47 V and 33.49 V respectively.
Since that the plasma potential increases when substrate bias voltage is supplied to the substrate holder, the electron temperature in turn also increased. From the result on Fig. 4 , the electron temperature for 0 V substrate bias voltage is equal to the electron temperature when the substrate bias voltage is adjust to -100 V which is 2.48 eV. The debye length which is display in m when the substrate bias voltage is regulate to -40 V. After that it is increased to 6.85 x 10 -5 m when the substrate bias voltage is -100 V.
Next is the ion density and electron density, as the substrate bias voltage is increased the ion density and electron density also increased due to the fact that the ion and electron is more excited. From the result in Fig. 6 Fig. 7 . Based on all the result, can be notice that most of the value started to change the direction when the substrate bias voltage is increased above -40 V. towards the ion flux.
Conclusion
The langmuir probe result of plasma potential, electron temperature, deybe length, ion density, electron density and ion flux was successfully measured in copper sputtering plasma at various oxygen flow rate and substrate bias voltage. Significant effect of oxygen flow rate and substrate bias voltage was observed in langmuir probe analysis. This result will be a potential way to improve the sensitivity of copper oxide gas sensor using reactive magnetron sputtering plasma system.
